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(54) Method and apparatus for automatically shifting synchromesh type gear transmission of a
vehicle

(57) The present invention provides an apparatus
and a method for controlling automatic transmission of
a motor vehicle having an engine and an automatic
transmission including a clutch (3) with an actuator (4,
5) for changing gear position comprising a detecting

means (6) for detecting a completion of the changing
gear position and a signal generating means (9) for gen-
erating a control signal to the actuator (4, 5) for applying
continued pressure to the clutch (3) for a predetermined
time after the completion of the changing gear position.
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Description

[0001] The present invention relates to a transmission
for a motor vehicle, particularly, to a control apparatus
and a control method for controlling an automatic trans-
mission.
[0002] Generally, a transmission mechanism includ-
ed in a gear-type transmission mechanism employs a
synchromesh to transmit the rotation of an idle gear
mounted on a main shaft (output shaft) smoothly to the
main shaft. The synchromesh includes a clutch hub
mounted on and engaged with the main shaft by splines.
Also, a clutch hub sleeve is provided which is fitted over
the clutch hub and provided in its outer surface with a
groove in which a shift fork engages. A synchronizer ring
is brought into frictional contact with a conical surface
of the idle gear by the shifting operation of the shift fork.
An operating force exerted thereon by an electrical or
fluidic shifting actuator drives the shift fork. The idle gear
and the clutch hub sleeve are engaged completely to
set the desired gear position. Therefore, the synchro-
mesh is called also a mesh type clutch.
[0003] When operating the mesh type clutch by an ac-
tuator, such as a fluidic cylinder actuator or an electric
motor, a conventional automatic transmission control
apparatus controls the actuator so as to push the clutch
hub sleeve axially. After the actuator has completely en-
gaged the mesh type clutch, a control signal to remove
pressure from the actuator is immediately provided to
reduce power consumption and to prevent the contact
abrasion of the shift fork and the clutch hub sleeve. The
conventional automatic transmission control apparatus
detects the travel of the movable member or the sleeve
driven for movement by the actuator, decides that the
shifting operation is completed upon the increase of the
travel beyond a predetermined value and stops the con-
trol signal given to the actuator to remove the pressure
axially pushing the sleeve.
[0004] But, different measuring devices, such as a
stroke measuring device, for measuring the travel of the
operating member of the actuator have different char-
acteristics, respectively, and hence the accurate detec-
tion of the engagement of the mesh type clutch is diffi-
cult. Hence, the pressure produced by the actuator can
decrease before the mesh type clutch is engaged com-
pletely. In such a case, the clutch hub sleeve moves to
a neutral position and the actuator performs the pushing
operation again.
[0005] It is an object of the invention to overcome
above mentioned disadvantages.
[0006] This object can be solved by an apparatus for
controlling automatic transmission of a motor vehicle
having an engine and an automatic transmission includ-
ing a clutch with an actuator for changing gear position.
The apparatus can further comprise a detecting means
for detecting a completion of said changing gear posi-
tion, and/or a signal generating means for generating a
control signal to said actuator for applying continued

pressure to said clutch for a predetermined time after
said completion of said changing gear position.
[0007] The above stated object can be further solved
by an apparatus for controlling automatic transmission
of a motor vehicle having an engine and an automatic
transmission including a mesh type clutch with an actu-
ator for changing gear position. The apparatus can fur-
ther comprise a detecting means for detecting a com-
pletion of said changing gear position, and/or a signal
generating means for generating a control signal to said
actuator for applying continued pressure to said clutch
for a predetermined time after said completion of said
changing gear position.
[0008] The above stated object can be further solved
by an apparatus for controlling automatic transmission
of a motor vehicle having an engine and an automatic
transmission including a clutch with an actuator for
changing gear position. The apparatus can further com-
prise a detecting means for detecting a completion of
said changing gear position, and/or a signal generating
means for generating a control signal to said actuator
for applying continued pressure to said clutch for at least
greater than about 200 ms after said completion of said
changing gear position.
[0009] The above stated object can be further solved
by an apparatus for controlling automatic transmission
of a motor vehicle having an engine and an automatic
transmission including a mesh type clutch with an actu-
ator for changing gear position, comprising a stroke sen-
sor which detects stroke of cylinder and/or a signal gen-
erator for generating a control signal to said actuator for
applying continued pressure to said clutch for at least
greater than about 200 ms after said completion of said
changing gear position.
[0010] The above stated object can be further solved
by an apparatus for controlling automatic transmission
of a motor vehicle having an engine and an automatic
transmission including a mesh type clutch with an actu-
ator for changing gear position, comprising a stroke sen-
sor which detects stroke of a clutch hub sleeve and/or
a signal generator for generating a control signal to said
actuator for applying continued pressure to said clutch
for at least greater than about 200 ms after said com-
pletion of said changing gear position.
[0011] The above stated object can be further solved
by a motor vehicle comprising an apparatus for control-
ling automatic transmission of said motor vehicle having
an engine and an automatic transmission including a
clutch with an actuator for changing gear position, com-
prising a detecting means for detecting a completion of
said changing gear position and/or a signal generating
means for generating a control signal to said actuator
for applying continued pressure to said clutch for a pre-
determined time after said completion of said changing
gear position.
[0012] The above stated object can be further solved
by a method for controlling automatic transmission of a
motor vehicle having an engine and an automatic trans-
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mission including a clutch with an actuator for changing
gear position, comprising the steps of detecting a com-
pletion of said changing gear position and/or generating
a control signal to said actuator for applying continued
pressure to said clutch for a predetermined time after
said completion of said changing gear position.
[0013] The above stated object can be further solved
by a method for controlling automatic transmission of a
motor vehicle having an engine and an automatic trans-
mission including a mesh type clutch with an actuator
for changing gear position, comprising the steps of de-
tecting a completion of said changing gear position and/
or generating a control signal to said actuator for apply-
ing continued pressure to said clutch for a predeter-
mined time after said completion of said changing gear
position.
[0014] The above stated object can be further solved
by a method for controlling automatic transmission of a
motor vehicle having an engine and an automatic trans-
mission including a clutch with an actuator for changing
gear position, comprising the steps of detecting a com-
pletion of said changing gear position and/or generating
a control signal to said actuator for applying continued
pressure to said clutch for at least greater than about
200 ms after said completion of said changing gear po-
sition.
[0015] The above stated object can be further solved
by a method for controlling an automatic transmission
of a motor vehicle utilizing at least one of the above ap-
paratus. Also the invention provides a motor vehicle uti-
lizing the apparatus of the present invention.
[0016] According to a preferred embodiment of the in-
vention the detecting means can be a stroke measuring
device.
[0017] According to a further preferred embodiment
of the invention the clutch can be a mesh type.
[0018] According to a further preferred embodiment
of the invention the clutch can be a friction type clutch.
[0019] According to a further preferred embodiment
of the invention the predetermined time can be at least
greater than about 200 ms.
[0020] According to a further preferred embodiment
of the invention a measuring means for measuring time
for said predetermined time can be further comprised.
[0021] According to a further preferred embodiment
of the invention the actuator can be a shifting type ac-
tuator.
[0022] According to a further preferred embodiment
of the invention the actuator can be a selecting type ac-
tuator.
[0023] The present invention provides an automatic
transmission control apparatus and an automatic trans-
mission control method capable of surely engaging a
clutch to set a desired gear position and allow stable
shifting.
[0024] The above advantages and features of the in-
vention will be more clearly understood from the follow-
ing detailed description which is provided in connection

with the accompanying drawings.

Fig. 1 illustrates an automatic transmission control
apparatus in a first embodiment according to the
present invention;

Fig. 2 illustrates a mesh type clutch included in an
automatic transmission in the first embodiment ac-
cording to the present invention;

Fig. 3 illustrates a hydraulic circuit diagram of as-
sistance in explaining a shifting actuator and a se-
lecting actuator included in the automatic transmis-
sion in the first embodiment according to the
present invention;

Fig. 4 illustrates the operation of a shift completion
detector included in the automatic transmission in
the first embodiment according to the present in-
vention;

Fig. 5 is a flow chart of a control method to be carried
out by the automatic transmission control apparatus
in the first embodiment according to the present in-
vention;

Fig. 6 illustrates a time chart explaining the control
operation of the automatic transmission control ap-
paratus in the first embodiment according to the
present invention;

Fig. 7 illustrates a block diagram of an automatic
transmission control apparatus in a second embod-
iment according to the present invention;

Fig. 8 illustrates a time chart explaining the control
operation of the automatic transmission control ap-
paratus in the second embodiment according to the
present invention; and

Fig. 9 is a block diagram of an automatic transmis-
sion control apparatus in a third embodiment ac-
cording to the present invention.

[0025] Exemplary embodiment of the present inven-
tion will be described below in connection with the draw-
ings. Other embodiments may be utilized and structural
or logical changes may be made without departing from
the spirit or scope of the present invention. Like items
are referred to by like reference numerals throughout
the drawings.
[0026] Referring now to drawings, Fig. 1 shows a
transmission case 1 which is a gear-type transmission
mechanism 2, a mesh type clutch 3, a selecting actuator
4, a shifting actuator 5 and a shift completion detector
6. The gear-type transmission mechanism 2 comprises
an input shaft, a counter shaft, an output shaft (driven
shaft) and gear trains consisting of gears mounted on

3 4



EP 1 232 901 A2

4

5

10

15

20

25

30

35

40

45

50

55

those shafts and engaging each other. Gears mounted
on the output shaft of the gear-type transmission mech-
anism 2 are able to rotate relative to the output shafts
respectively. A desired one of the gears on the output
shaft of the gear-type transmission mechanism 2 is in-
terlocked so as to rotate together with the output shaft
by a mesh type clutch 3 to set the gear-type transmis-
sion mechanism 2 for a desired speed. The shift com-
pletion detector 6 includes a measuring device capable
of measuring the travel of an operating member of the
shifting actuator 5. The completion of a shifting opera-
tion can be detected through the measurement of the
stroke of the operating member of the shifting actuator
5 by a stroke measuring device.
[0027] A control apparatus 7 has a time measuring
device 8 and a control signal generator 9. The control
apparatus 7 is a microcomputer that receives signals in-
dicating the rotating speeds Ni and No of the shafts of
the gear-type transmission mechanism 2, engine speed
Ne, i.e., the operating speed of an engine, not shown,
serving as a power source, and throttle valve opening
TVO for controlling the output torque of the engine and
provided with a basic program to be carried out for a
shifting operation on the basis of those signals and a
program for generating a control signal upon the com-
pletion of a shifting operation. The microcomputer gives
the control signals to the selecting actuator 4 and the
shifting actuator 5 according to the programs to adjust
pressure applied to the mesh type clutch.
[0028] Fig. 2 illustrates the mesh type clutch 3 shown
in Fig. 1 which has a clutch hub sleeve 10, a shift key
11, a synchronizer ring 12, an input gear 13, and a cone
14. The shift key 11 is engaged with the clutch hub
sleeve 10. The synchronizer ring 12 rotates together
with the shift key 11 and has a predetermined play. The
cone 14 is combined with the input gear 13.
[0029] Splines 15 are formed on the inner circumfer-
ence of the clutch hub sleeve 10 and are engaged with
splines formed on the input shaft. The clutch hub sleeve
10 rotates always together with the input shaft. When
the clutch hub sleeve 10 is moved to the right as viewed
in Fig. 2, the shift key 11 presses the synchronizer ring
12 against the cone 14. Consequently, the respective
taper surfaces of the synchronizer ring 12 and the cone
14 are engaged frictionally and power is transmitted to
the input gear 13. When the clutch hub sleeve 10 is
moved further to the right, the splines 15 engage splines
16 formed on the synchronizer ring 12 and splines 17
formed on the input gear 13. Consequently, the input
shaft and the input gear 13 are interlocked, power is
transmitted through the gears of the automatic transmis-
sion mechanism and a shifting operation is completed.
[0030] In Fig. 3, a hydraulic pressure source 30 ap-
plies hydraulic pressure to the shifting actuator 5 and
the selecting actuator 4 to drive the same. The hydraulic
pressure source 30 includes a motor-driven pump and
an accumulator. The shifting actuator 5 includes a cyl-
inder actuator 21 and shifting solenoid valves 22 and

23. The cylinder actuator 21 is connected to the output
ports of the solenoid valves 22 and 23 connected to the
hydraulic pressure source 30. The solenoid valves 22
and 23 are pressure control valves and move the piston
of the cylinder actuator 21 in opposite directions, re-
spectively. The microcomputer receives the output sig-
nal of a stroke measuring device connected to the cyl-
inder actuator 21 and executes a PWM (pulse width
modulation) control operation to vary force for operating
a shift fork 28 connected to the cylinder actuator 21.
Thus, the clutch hub sleeve 10 of the mesh type clutch
3 can be moved axially.
[0031] The selecting actuator 4 includes a cylinder ac-
tuator 24 and a selecting solenoid valve 25. The cylinder
actuator 24 is connected to the output port of the select-
ing solenoid valve 25. The selecting solenoid valve 25
is connected to the hydraulic pressure source 30. The
selecting solenoid valve 25 is a flow control valve. A
shifting-and-selecting shaft 29 selects a shift fork 28 that
operates according to the gear position. A stroke meas-
uring device 27 is connected to the cylinder actuator 24.
The microcomputer receives a measured value from the
stroke measuring device 27 and executes a PWM con-
trol operation to vary force for operating the shift fork 28
connected to the cylinder actuator 21.
[0032] Here, the operator selects a gear position or
the microcomputer, i.e., the control apparatus 7, decides
a gear position according to the traveling condition of
the vehicle. Then, the selecting actuator 4 selects the
shift fork 28 to be operated. The shifting solenoid valves
22 and 23 operate the shift fork 28 to move the clutch
hub sleeve 10 of the mesh type clutch 3 axially for a
shifting operation. After the mesh type clutch 3 has been
engaged, torque can be mechanically transmitted. Pres-
sure applied to the mesh type clutch 3 must be reduced
by adjusting control signals given to the shifting actuator
5 and the selecting actuator 4 to reduce power con-
sumption and prevent the abrasion of the shift fork 28
and the clutch hub sleeve 10 in contact with the shift fork
28.
[0033] Fig. 4 illustrates the operation of the shift com-
pletion detector in the first embodiment, in which Fig. 4
(A) is a diagram showing the shift positions of a trans-
mission mechanism having five forward gear positions
and a reverse and Fig. 4(B) is a diagram showing the
characteristic of the stroke measuring device that meas-
ures the stroke of the transmission mechanism in the
shifting direction.
[0034] Referring to Fig. 4, strokes of the movable
member of the shifting actuator 5 between positions for
a 1st gear position (first gear position), a 3rd gear posi-
tion (third gear position) and a 5th gear position (fifth
gear position), and positions for a 2nd gear position
(second gear position), a 4th gear position (fourth gear
position) and a R gear position (reverse gear position),
respectively, are 20 mm and the stroke measuring de-
vice 26 shown in Fig. 3 provides signals of 0.9 to 4.3 V.
The output of the stroke measuring device 26 varies lin-
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early with the stroke. The stroke of the movable member
of the shifting actuator 5 is known from the output signal
of the stroke measuring device 26.
[0035] A signal provided by the stroke measuring de-
vice 26 is compared with a threshold to decide whether
or not the shifting operation has been completed. For
example, a threshold stroke necessary for completing
shifting to the 1st, the 3rd or the 5th gear position is 1.3
V (LV135) and a threshold stroke for completing shifting
to the 2nd gear position, the 4th gear position or the R
gear position is 4.0 V (LV24R). Although these threshold
strokes are dependent on the dimensions of the com-
ponents of the mesh type clutch 3, the thresholds cor-
respond to strokes that push the splines 15 of the clutch
hub sleeve 10 into a region beyond a position where the
splines 70 enter grooves between the splines 16 of the
synchronizer ring 12.
[0036] The shifting operation is completed when the
signal provided by the stroke measuring device 26 ex-
ceeds the threshold. Different stroke measuring devices
have different characteristics, respectively. The stroke
measuring device 26 measures the stroke of the clutch
hub sleeve 10 of the mesh type clutch 3 indirectly and
does not detect the engagement of the mesh type clutch
3 accurately.
[0037] When changing the speed of the automatic
transmission, the control apparatus in this embodiment
continues to give the control signals to the shifting ac-
tuator 5 and the selecting actuator 4 so that the pressure
is applied continuously to the mesh type clutch 3 for a
predetermined time after the shifting operation has been
completed and the signal provided by the stroke meas-
uring device 26 has exceeded the threshold to ensure
that the mesh type clutch 3 is engaged completely; that
is, the control signals are given to the actuators 4 and 5
so that the pressure applied to the mesh type clutch 3
is reduced a predetermined time after the completion of
the shifting operation to prevent incomplete shifting and
to achieve stable shifting performance.
[0038] Referring to Fig. 5, the control apparatus 7 de-
cides in step S1 whether gear shift is necessary and ex-
ecutes step S2 and the following steps if it is necessary.
The decision may be a manual shifting operation deter-
mined through the detection of driver's intention from the
condition of the shift lever indicated by a switch associ-
ated with the shift lever or may be automatic shifting that
is carried out according to a predetermined shift sched-
ule using throttle valve opening and vehicle speed as
parameters representing the operating condition of the
vehicle.
[0039] In step S2, the control apparatus 7 provides
control signals to operate the selecting actuator 4 and
the shifting actuator 5 according to a shifting signal in-
dicating a shift mode for shifting gears from one to an-
other of the gear positions. The automatic transmission
is shifted from the present gear position through a neu-
tral position to appropriate one of the gear positions.
[0040] When the control apparatus 7 decides to exe-

cute the shifting operation at the time t0 as shown in Fig.
6, a starting clutch is disengaged to intercept the trans-
mission of the power of the engine as shown in Fig. 6
(B). If the starting clutch is disengaged while the accel-
erator pedal is depressed and the engine generates
torque, the sudden change in torque gives an unpleas-
ant shift shock to the passenger. Therefore, the starting
clutch is disengaged after reducing the output torque of
the engine by an electronic throttle. At this time, a control
signal (duty command 135) given to the shifting solenoid
22 and a control signal (duty command 24R) given to
the shifting solenoid 23 are stopped as shown in Figs.
6(D) and 6(E).
[0041] In step S3, the control apparatus 7 controls the
supply of the working fluid to the selecting actuator 4
and the shifting actuator 5 to adjust the pressure applied
to the shift fork 28 particularly by the shifting actuator 5
to engage the mesh type clutch 3 by axially moving the
shift fork 28.
[0042] When it is decided at time t1 that the starting
clutch is disengaged as shown in Fig. 6, control signals
P1 and P2 are given to the duty command 135 and the
duty command 24R as shown in Figs. 6(D) and 6(E) to
change the mesh type clutch 3 from a state for the 1st
gear to the neutral gear. Consequently, the clutch hub
sleeve 10 of the mesh type clutch 3 is moved and the
input shaft speed starts decreasing.
[0043] When the reduction of the input shaft speed to
a desired rotating speed NIREF for the 2nd gear is de-
tected at time t3 as shown in Fig. 6(A), the duty com-
mand 24R is reduced to a predetermined value P3 as
shown in Fig 6(E) to engage the mesh type clutch for
the 2nd gear. The predetermined value P3 controls the
speed of axial movement of the movable component of
the mesh type clutch 3. Data obtained through experi-
ments are stored in a RAM included in the control ap-
paratus 7.
[0044] In step S4, the control apparatus 7 decides
whether or not the shifting operation is completed. If the
shifting operation is completed, step S5 and the follow-
ing steps are executed. The decision whether or not the
shifting operation is completed is made on the basis of
the result of comparison of the output signal of the stroke
measuring device and the predetermined threshold.
[0045] As shown in Fig. 6(C), the stroke of the mova-
ble component of the mesh type clutch measured by the
stroke measuring device exceeds the threshold stroke
LV24R for completing shifting to the 2nd gear and it is
decided that the shifting operation has been completed.
[0046] In step S5, the control apparatus 7 counts up
a shift completion timer TM to measure time elapsed af-
ter the completion of the shifting operation.
[0047] In step S6, the control apparatus 7 decides
whether or not the time measured by the shift comple-
tion timer TM has reached a predetermined value CT-
MOFF stored in a storage device, such as a RAM. The
control apparatus executes step S7 if it is decided that
the time measured by the shift completion timer TM has
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reached the predetermined value CTMOFF.
[0048] In step S7, the control apparatus decides that
the mesh type clutch 3 has been completely engaged
and the gears for the new gear position are synchro-
nized, and gives control signals to the selecting actuator
4 and the shifting actuator 5 to reduce the pressure ap-
plied to the mesh type clutch 3.
[0049] The conventional method stops the duty com-
mand 135 as indicated by a broken line in Fig. 6(D) to
reduce the pressure applied to the mesh type clutch.
However, if the mesh type clutch 3 is not engaged com-
pletely, the movable component of the mesh type clutch
3 is returned toward a neutral gear position as indicated
by a broken line in Fig. 6(C), the clutch engaging oper-
ation is repeated, that is the repeated motion occurs
and, consequently, the shifting operation becomes un-
stable. In this embodiment, the duty command 135 and
the duty command 24R are provided continuously for a
predetermined time corresponding to the predeter-
mined value CTMOFF after the decision of the comple-
tion of the shifting operation at time t4 as indicated by a
continuous line in Fig. 6(D) to engage the mesh type
clutch securely for the second gear. Thus, a stable shift-
ing performance can be achieved as indicated by a con-
tinuous line in Fig. 6(C).
[0050] In the foregoing series of signal processing
steps executed by the control apparatus 7, steps S4 and
S5 correspond to the time measuring device 8 and steps
S6 and S7 correspond to the control signal generator 9.
The predetermined value CTMOFF is dependent on the
threshold for the decision of the completion of the shift-
ing operation and should be at least greater than about
200 ms or above allowing for error in the measurement
of the stroke measuring device and delay in the re-
sponse of the mesh type clutch. The predetermined val-
ue CTMOFF must be 1 s or below allowing for the abra-
sion of the mesh type clutch 3.
[0051] As apparent from the foregoing description,
this embodiment gives the control signals to the actua-
tors to reduce the pressure applied to the mesh type
clutch after the expiration of the predetermined time af-
ter the decision of completion of the shifting operation
to engage the mesh type clutch surely for the desired
gear position, so that stable shifting performance can
be achieved.
[0052] Fig. 7 is a block diagram of the automatic trans-
mission control apparatus in the second embodiment
and Fig. 8 is a time chart of assistance in explaining the
control operation of the automatic transmission control
apparatus in the second embodiment.
[0053] Referring now to Fig. 7, an engine 31 is pro-
vided with an electronic throttle 32 and an engine speed
measuring device 64 for measuring the engine speed
NE of the engine 31. A control apparatus 7 controls the
electronic throttle 32 and other components on the basis
of engine speed NE measured by the engine speed
measuring device 64 for the accurate control of the out-
put torque of the engine 31. The output torque of the

engine 31 is transmitted through a clutch 34 and a gear
type transmission mechanism disposed between the
engine 31 and an output shaft 36 to the output shaft 36.
The clutch 34 is operated for engagement and disen-
gagement by fluid pressure applied thereto by a cylinder
actuator 37. The actuating force of the cylinder actuator
37 is applied through a wire 38 to the clutch 34 and the
clutch 34 is pressed against a flywheel 33 connected to
the engine 31 and is engaged.
[0054] The gear type transmission mechanism in-
cludes, as principal components, an input shaft 35, the
output shaft 36 and a plurality of gear trains consisting
of gear positions mounted on the input shaft 35 and the
output shaft 36. The output torque of the engine 31 is
transmitted through the clutch 34, the input shaft 35 and
the gear train for a selected gear position to the output
shaft 36. Gears 39 and 40 are fixedly mounted on the
input shaft 35 for rotation together with the input shaft
35, and gears 46, 47 and 48 are fixedly mounted on the
output shaft 36 for rotation together with the output shaft
36. Other gears 41, 42 and 43 are mounted on the input
shaft 35 for rotation relative to the input shaft 35, and
gears 44 and 45 are mounted on the output shaft 36 for
rotation relative to the output shaft 36.
[0055] A mesh type clutch 55 includes a clutch hub
sleeve 52, a synchronizer ring 53 and a gear spline 54.
A mesh type clutch 56, similarly to the mesh type clutch
55, includes a clutch hub sleeve, a synchronizer ring and
a gear spline. The mesh type clutches 55 and 56 are
engaged and disengaged by axially moving a shift fork
57. When the mesh type clutches 55 and 56 are en-
gaged, the associated gears rotate together with the
shafts. When the mesh type clutches 55 and 56 are dis-
engaged for a neutral gear, the associated gears run idle
and power is not transmitted. Hydraulic cylinder actua-
tors 58 and 59 operate the shift fork 57. The gears 40
and 44 are used for measuring the rotating speeds of
the shafts 35 and 36, respectively. Rotating speed
measuring devices 65 and 66 measure the input shaft
speed Ni and the output shaft speed No, respectively.
[0056] The gear 43 mounted on the input shaft 35 is
combined with a friction clutch 49. When the friction
clutch 49 is engaged, the torque of the input shaft 35
can be transmitted through the gear 48 to the output
shaft 36. The friction clutch 49 is a wet multiple-disk
clutch. The friction clutch 49 is engaged and disengaged
by hydraulic pressure exerted on a piston 50. Although
the friction clutch 49 is mounted on the input shaft in the
figure, the friction clutch 49 may be mounted on a third
shaft instead of on the input shaft 35 to transmit power
to the output shaft 36.
[0057] In a conventional gear-type transmission
mechanism, the clutch 34 is disengaged to disconnect
the output shaft 36 temporarily from the engine 31 when
changing speed. The mesh type clutches 55 and 56 are
operated to select the gears for a desired gear position
and the clutch 34 is engaged to complete a shifting op-
eration. When the speed is changed by such a shifting
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operation, torque transmission is interrupted during the
shifting operation, which gives an unpleasant feeling to
the passengers. The gear-type transmission mecha-
nism shown in Fig. 7 keeps the clutch 34 engaged and
makes the friction clutch 49 slip to reduce the rotating
speed of the input shaft 35 for the shifting operation.
Thus, torque can be transmitted during the shifting op-
eration and the satisfactory shifting characteristic is re-
alized.
[0058] A control apparatus 7 for controlling the engine
31 and actuators 60, 61, 62 and 63 will be described.
The control apparatus 7 receives signals representing
a throttle valve opening TVO, an accelerator pedal po-
sition APS, an engine speed NE measured by the en-
gine speed measuring device 64, an input shaft speed
Ni measured by the rotating speed measuring device
65, and an output shaft speed No measured by the ro-
tating speed measuring device 66. The control appara-
tus 7 calculates a throttle valve opening, a fuel feed rate,
and ignition timing to generate a necessary torque by
the engine 31 on the basis of the signals given thereto,
and controls the actuators including the electronic throt-
tle 32.
[0059] The control apparatus 7 has a time measuring
device 8 and a control signal generator 9. The time
measuring device 8 measures time that passes after the
detection of the completion of a shifting operation to set
the transmission mechanism for a desired gear position
by a shift completion detector 6. The control signal gen-
erator 9 gives control signals continuously to the actua-
tors 61 and 62 so that an operating pressure is applied
to a mesh type clutch 3 for a predetermined time after
the completion of the shifting operation. Operations of
the time measuring device 8 and the control signal gen-
erator 9 are similar to those previously described with
reference to Fig. 5.
[0060] Referring now to Fig. 8, the control apparatus
7 makes a decision to shift gears at time t0. Then, the
control apparatus 7 provides an engine torque reducing
command (throttle valve opening reducing command)
as shown in Fig. 8(A). An assist torque produced by the
assist clutch 49 is increased to a maximum assist torque
and the maximum assist torque is held for a predeter-
mined time tp. The time tp is a precharge time for cor-
recting a delay in the response of pressure that acts on
the friction clutch 49. Optimum values for the precharge
time experimentally determined for operating conditions
of the transmission are stored in a RAM included in the
control apparatus 7.
[0061] Upon the detection of coincidence of the trans-
mission torque produced in the friction cutch 49 with a
torque acting on the mesh type clutch 3, the control ap-
paratus 7 sets control signals duty command 135 and
duty command 24R given to the shifting actuators to P1
and P2 to change the mesh type clutch 3 from a state
for the 1st gear to the neutral gear as shown in Figs. 8
(D) and 8(E). If timing of operation of the friction clutch
and the mesh type clutch are not adjusted properly, shift-

ing performance is reduced remarkably due to tie-up or
the like and the transmission mechanism may be pos-
sibly damaged. Therefore, an optimum time period be-
tween the time t0 and the time t1 is determined experi-
mentally beforehand or the transmission torque pro-
duced by the friction clutch 49 is measured or estimated
by using a pressure sensor and the control apparatus 7
performs a control operation so that the friction cutch
and the mesh type clutch are operated properly. Thus,
the shifting actuator moves the clutch hub sleeve 10 of
the mesh type clutch 3 and the input shaft speed starts
decreasing as shown in Fig. 8(C).
[0062] Upon the detection of the neutral state of the
mesh type clutch at time t2, the control apparatus exe-
cutes the feedback control of an assist torque command
give to the friction clutch as shown in Fig. 8(F) to make
the input shaft speed coincide with a desired value. The
desired value is determined beforehand taking into con-
sideration the operating condition of the transmission
mechanism and time necessary for shifting. Meanwhile,
as shown in Fig. 8(G), torque is transmitted through the
friction clutch 49 to the output shaft, torque transmission
is not interrupted during the shifting operation and a
smooth shifting performance can be achieved.
[0063] Upon the detection of the reduction of the input
shaft speed to a desired rotating speed NIREF for the
2nd gear at time t3 as shown in Fig. 8(B), the control
apparatus reduces the duty command 24R to P3 to
change the mesh type clutch from a state for the neutral
gear to the 2nd gear as shown in Fig. 8(E). The value
P3 adjusts shifting force for axially moving the movable
component of the mesh type clutch 3. The value P3 is
determined experimentally beforehand and is stored in
the RAM included in the control apparatus 7.
[0064] Subsequently, as shown in Fig. 8(C), when the
stroke of the movable component of the mesh type
clutch measured by the stroke measuring device ex-
ceeds a predetermined threshold LV24R for indicating
the completion of a shifting operation to set the trans-
mission gear for the 2nd gear position at time t4, it is
decided that the shifting operation has been completed.
If the duty command 135 is turned off and the pressure
applied to the movable component of the mesh type
clutch is reduced as indicated by a broken line in Fig. 8
(D), the mesh type clutch 3 is not engaged completely.
Therefore, the movable component of the mesh type
clutch is returned toward a position for the neutral gear,
the clutch engaging operation is repeated and the re-
peated motion occurs, shifting operation becomes insta-
ble, and, consequently, the torque of the output shaft
varies. As a result the shifting operation generates
shocks. In this embodiment, the mesh type clutch is en-
gaged forcibly with the output torque of the engine 31
applied to the mesh type clutch 3. Therefore the mesh
type clutch of the automatic transmission is more difficult
to engage than that of the automatic transmission
shown in Fig. 1. In this embodiment, the duty command
135 and the duty command 24R are provided continu-
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ously for the predetermined time CTMOFF after the de-
cision of the completion of the shifting operation at time
t4 as shown in Figs. 8(D) and 8(E) to apply pressure to
the movable component of the mesh type clutch 3. Thus,
the mesh type clutch can be surely engaged and a sta-
ble shifting performance can be achieved by controlling
the actuators on the basis of the time chart shown in Fig.
8.
[0065] In Fig. 9, a clutch 74 is interposed between the
output shaft 71 of an engine 70 and a first input shaft 76
of a gear-type transmission mechanism to transmit the
output torque of the engine 70 to the first input shaft 76.
The clutch 74 is a dry single-disk clutch. Pressure ap-
plied to the clutch 74 is controlled by a hydraulic actuator
97 to engage and disengage the clutch 74.
[0066] A clutch 73 is interposed between the output
shaft 71 of the engine 70 and a second input shaft 72
included in the gear-type transmission mechanism to
transmit the output torque of the engine 70 to the second
input shaft 72. The clutch 73 is a wet multiple-disk clutch.
A hydraulic actuator 96 controls pressure applied to the
clutch 73. The pressure applied to the clutch 73 is reg-
ulated to connect the output shaft 71 of the engine 70
to and disconnecting the same from the second input
shaft 72. The function of a twin clutch mechanism in-
cluding the clutches 73 and 74 is similar to that of the
friction clutch 49 shown in Fig. 7. It is possible that the
twin clutch mechanism, similarly to the friction clutch 49,
causes the repeated motion when engaging the same.
[0067] Gears 77 and 78 are mounted fixedly on the
first input shaft 76, and gears 79 and 80 are fixedly
mounted on the second input shaft 72. The first input
shaft 76 is a hollow shaft and the second input shaft 72
is extended through the first input shaft 76 so as to be
rotatable relative to the first input shaft 76. A gear 81
provided with splines 85 and a synchronizer ring 86, a
gear 82 provided with splines 87 and a synchronizer ring
88, and a clutch hub sleeve 89 for directly connecting
the gears 81 and 82 to the output shaft 75 are mounted
on an output shaft 75 included in the gear-type trans-
mission mechanism. The gears 81 and 82 are restrained
from axial movement on the output shaft 75 by stoppers,
not shown. The clutch hub sleeve 89 is provided in its
inner circumference with a plurality of grooves, not
shown, engaging a plurality of grooves, not shown,
formed in the output shaft 75. The clutch hub sleeve 89
is axially movable on the output shaft 75 and is re-
strained from rotation relative to the output shaft 75. The
torque of the clutch hub sleeve 89 is transmitted to the
output shaft 75. When changing speed, the clutch hub
sleeve 89 is moved axially to set a predetermined gear
position by a hydraulic actuator 98.
[0068] The clutch hub sleeve 89, the splines 85, the
synchronizer ring 86, the splines 87 and the synchroniz-
er ring 88 constitute a mesh type clutch, i.e., a torque
transmitting mechanism. These mechanisms are capa-
ble of transmitting the energy of a power source, such
as the engine 70 to the output shaft at a high efficiency

and have a remarkable effect on reducing the fuel con-
sumption of the vehicle.
[0069] Similarly, a gear 83 provided with splines 91
and a synchronizer ring 92, a gear 84 provided with
splines 93 and a synchronizer ring 94, and a clutch hub
sleeve 90 for directly connecting the gears 83 and 84 to
the output shaft 75 are mounted on the output shaft 75
of the gear-type transmission mechanism. The gears 83
and 84 are restrained from axial movement on the out-
put shaft 75 by stoppers, not shown. The clutch hub
sleeve 90 is provided in its inner circumference with a
plurality of grooves, not shown, engaging a plurality of
grooves, not shown, formed in the output shaft 75. The
clutch hub sleeve 90 is axially movable on the output
shaft 75 and is restrained from rotation relative to the
output shaft 75. The torque of the clutch hub sleeve 90
is transmitted to the output shaft 75. The clutch hub
sleeve 90, the splines 91, the synchronizer ring 92, the
splines 93 and the synchronizer ring 94 constitute a
mesh type clutch, i.e., a torque transmitting mechanism.
[0070] The clutch hub sleeve 90 can be moved axially
on the output shaft 75 and the clutch hub sleeve 90 can
be connected directly to the splines 91 or 93 through the
synchronizer ring 92 or 94 to transmit the torque of the
second input shaft 72 to the clutch hub sleeve 90. A hy-
draulic actuator 99 moves the clutch hub sleeve 90. The
automatic transmission can be set for a 1st gear position
using a gear train of the gears 77 and 81, a 2nd gear
position using a gear train of the gears 78 and 82, a 3rd
gear position using a gear train of the gears 79 and 83
or a 4th gear position using a gear train of the gears 80
and 84.
[0071] In the engine 70, an electronic throttle 95
placed in a suction pipe, not shown, controls air intake
rate and a fuel injection system, not shown, injects fuel
according to air intake rate. Ignition timing is determined
on the basis of signals representing an air-fuel ratio de-
termined from an air intake rate and a fuel injection rate,
an engine speed NE and such, and an ignition system,
not shown, ignites an air-fuel mixture. The fuel injection
system is a suction port injection type fuel injection sys-
tem that injects fuel into the suction port or a cylinder
injection type fuel injection system that injects fuel di-
rectly into the cylinder. It is desirable to select a fuel in-
jection system of an appropriate type capable of reduc-
ing fuel consumption and of exercising satisfactory ex-
haust performance, taking into consideration the re-
quired engine operating range (a range determined on
the basis of engine torque, engine speed and the like).
[0072] A control apparatus 7 for controlling the engine
70 and the actuators 96, 97, 98 and 99 will be described.
The control apparatus 7 receives signals representing
a throttle valve opening TVO, an accelerator pedal po-
sition APS, an engine speed NE measured by the en-
gine speed measuring device 64, input shaft speed Ni
measured by the rotating speed measuring device 65,
66 and an output shaft speed No measured by the ro-
tating speed measuring device 47. The control appara-

13 14



EP 1 232 901 A2

9

5

10

15

20

25

30

35

40

45

50

55

tus 7 calculates a throttle valve opening, a fuel feed rate
and ignition timing to generate a necessary torque by
the engine 70 on the basis of the signals given thereto,
and controls the actuators including the electronic throt-
tle 32.
[0073] The control apparatus 7 has a time measuring
device 8 and a control signal generator 9. The time
measuring device 8 measures time that passes after the
detection of the completion of a shifting operation to set
the transmission mechanism for a desired gear position
by a shift completion detector 6. The control signal gen-
erator 9 gives control signals continuously to the actua-
tors 98 and 99 so that an operating pressure is applied
to a mesh type clutch 3 for a predetermined time after
the completion of the shifting operation. Operations of
the time measuring device 8 and the control signal gen-
erator 9 are similar to those previously described with
refcrence to Fig. 5.
[0074] Thus, in the automatic transmission including
the twin-clutch system in this embodiment, the mesh
type clutch can be surely engaged to set the automatic
transmission for a desired gear position and, conse-
quently, a stable shifting characteristic can be achieved.
[0075] In the foregoing embodiments, the gears of the
automatic transmission may be automatically shifted ac-
cording to a predetermined shift schedule to the plurality
of forward gear positions or may be a shifting operation
that is carried out according to driver's intention detect-
ed through the detection of the condition of the shift lever
indicated by a switch associated with the shift lever.
[0076] Hence, the present invention provides an ap-
paratus for controlling an automatic transmission of a
motor vehicle having an engine and an automatic trans-
mission including a clutch with an actuator for changing
gear position. The apparatus further comprises a detect-
ing means for detecting a completion of the changing
gear position and a signal generating means for gener-
ating a control signal to the actuator for applying contin-
ued pressure to the clutch for a predetermined time after
the completion of the changing gear position.
[0077] Although the invention has been described
above in connection with exemplary embodiments, it is
apparent that many modifications and substitutions can
be made without departing from the spirit or scope of
the invention. For example, the driving source for driving
the vehicle is not limited to a gasoline engine but may
be a gas engine that uses natural gas. Also, a fluid
clutch, such as a torque converter, may be employed
instead of the automatic clutch (starting clutch), such as
a friction clutch or an electromagnetic clutch, interposed
between the power source and the transmission. Fur-
ther, electric actuators, such as electric motors, may be
used instead of the fluidic actuators, such as pneumatic
cylinder actuators or hydraulic cylinder actuators. The
type of the actuators may be properly determined ac-
cording to the construction of the transmission mecha-
nism. Accordingly, the invention is not to be considered
as limited by the foregoing description, but is only limited

by the scope of the appended claims.

Claims

1. An apparatus for controlling automatic transmission
of a motor vehicle having an engine and an auto-
matic transmission including a clutch (3) with an ac-
tuator (4, 5, 61, 62, 98, 99) for changing gear posi-
tion, comprising:

a detecting means (6) for detecting a comple-
tion of said changing gear position; and
a signal generating means (9) for generating a
control signal to said actuator (4, 5, 61, 62, 98,
99) for applying continued pressure to said
clutch (3) for a predetermined time (cTmoff) af-
ter said completion of said changing gear posi-
tion.

2. An apparatus for controlling automatic transmission
of a motor vehicle having an engine and an auto-
matic transmission including a mesh type clutch
(55, 56) with an actuator (61, 62) for changing gear
position, comprising:

a detecting means (6) for detecting a comple-
tion of said changing gear position; and
a signal generating means (9) for generating a
control signal to said actuator (61, 62) for ap-
plying continued pressure to said clutch (55,
56) for a predetermined time (cTmoff) after said
completion of said changing gear position.

3. The apparatus of claim 1 or 2, wherein said prede-
termined time (cTmoff) is at least greater than about
200 ms.

4. An apparatus for controlling automatic transmission
of a motor vehicle having an engine and an auto-
matic transmission including a clutch (3) with an ac-
tuator (4, 5, 61, 62, 98, 99) for changing gear posi-
tion, comprising:

a detecting means (6) for detecting a comple-
tion of said changing gear position; and
a signal generating means (9) for generating a
control signal to said actuator (4, 5, 61, 62, 98,
99) for applying continued pressure to said
clutch (3) for at least greater than about 200 ms
after said completion of said changing gear po-
sition.

5. The apparatus of claim 1, 2, 3 or 4, wherein said
detecting means is a stroke measuring device (26,
27).

6. The apparatus of claim 1, 3, 4 or 5, wherein said
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clutch (3) is a mesh type (55, 56).

7. The apparatus of claim 1, 2, 3, 4 or 5, wherein said
clutch (3) is a friction type.

8. The apparatus of one of the foregoing claims further
comprising a measuring means (8) for measuring
time for said predetermined time (cTmoff).

9. The apparatus of one of the foregoing claims,
wherein said actuator (5) is a shifting type.

10. The apparatus of one of the foregoing claims,
wherein said actuator (4) is a selecting type.

11. A method for controlling automatic transmission of
a motor vehicle having an engine and an automatic
transmission including a clutch (3) with an actuator
(4, 5, 61, 62, 98, 99) for changing gear position,
comprising the steps of:

detecting (54) a completion of said changing
gear position; and
generating (57) a control signal to said actuator
for applying continued pressure to said clutch
(3) for a predetermined time (cTmoff) after said
completion of said changing gear position.

12. A method for controlling automatic transmission of
a motor vehicle having an engine and an automatic
transmission including a mesh type clutch (55, 56)
with an actuator (61, 62) for changing gear position,
comprising the steps of:

detecting (54) a completion of said changing
gear position; and
generating (57) a control signal to said actuator
(61, 62) for applying continued pressure to said
clutch (55, 56) for a predetermined time (cT-
moff) after said completion of said changing
gear position.

13. The method of claim 11 or 12, wherein said prede-
termined time is at least greater than about 200 ms.

14. A method for controlling automatic transmission of
a motor vehicle having an engine and an automatic
transmission including a clutch (3) with an actuator
(4, 5, 61, 62, 98, 99) for changing gear position,
comprising the steps of:

detecting (54) a completion of said changing
gear position; and
generating (57) a control signal to said actuator
(4, 5, 61, 62, 98, 99) for applying continued
pressure to said clutch (3) for at least greater
than about 200 ms after said completion of said
changing gear position.

15. The method of claim 11, 12, 13 or 14, wherein said
detecting means is a stroke measuring device.

16. The method of claim 11, 13, 14 or 15, wherein said
clutch is a mesh type.

17. The method of claim 11, 12, 13, 14 or 15, wherein
said clutch is a friction type.

18. The method of one of the claims 11 through 17 fur-
ther comprising a measuring means for measuring
time for said predetermined time.

19. The method of one of the claims 11 through 18,
wherein said actuator is a shifting type.

20. The method of one of the claims 11 through 18,
wherein said actuator is a selecting type.

21. A motor vehicle comprising an apparatus for con-
trolling automatic transmission of said motor vehicle
having an engine and an automatic transmission in-
cluding a clutch (3) with an actuator (4, 5, 61, 62,
98, 99) for changing gear position, comprising:

a detecting means (6) for detecting a comple-
tion of said changing gear position; and
a signal generating means (9) for generating a
control signal to said actuator (4, 5, 61, 62, 98,
99) for applying continued pressure to said
clutch (3) for a predetermined time (cTmoff) af-
ter said completion of said changing gear posi-
tion.

22. The motor vehicle of claim 21, wherein said detect-
ing means is a stroke measuring device.

23. The motor vehicle of claim 21 or 22, wherein said
clutch is a mesh type.

24. The motor vehicle of claim 21 or 22, wherein said
clutch is a friction type.

25. The motor vehicle of claim 21, 22, 23 or 24, wherein
said predetermined time is at least greater than
about 200 ms.

26. The motor vehicle of claim 21, 22, 23, 24 or 25 fur-
ther comprising a measuring means for measuring
time for said predetermined time.

27. The motor vehicle of one of the claims 21 through
26, wherein said actuator is a shifting type.

28. The motor vehicle of one of the claims 21 through
26, wherein said actuator is a selecting type.

29. An apparatus for controlling automatic transmission
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of a motor vehicle having an engine and an auto-
matic transmission including a mesh type clutch
with an actuator for changing gear position, com-
prising:

a stroke sensor which detects stroke of cylin-
der; and
a signal generator (9) for generating a control
signal to said actuator for applying continued
pressure to said clutch for at least greater than
about 200 ms after said completion of said
changing gear position.

30. An apparatus for controlling automatic transmission
of a motor vehicle having an engine and an auto-
matic transmission including a mesh type clutch
with an actuator (98, 99) for changing gear position,
comprising:

a stroke sensor which detects stroke of a clutch
hub sleeve (89, 90); and
a signal generator (9) for generating a control
signal to said actuator (98, 99) for applying con-
tinued pressure to said clutch for at least great-
er than about 200 ms after said completion of
said changing gear position.
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